(With 1 Figure) (Ace. 29-XII-1986) 
Introductiqn
To date, most discussions of the functional significance of predator harassment have focussed on explaining why any individual does or does not harass and have not considered varying levels of involvement in these encounters by different kinds of individuals (e.g., WILSON, 1975; HARVEY & GREENWOOD, 1978; CURIO, 1978; BIERMANN & ROBERTSON, 1981 ; but see CURIO et at., 1985; HENNESSY, in press ). To the extent that certain individuals (e.g. , adults, males, parents, etc.) are more likely to deal more directly with a potential predator than are others, then the functional significance of harassing must be assessed by taking into account the identity of these individuals.
Several recent studies have demonstrated that different individuals may participate to varying degrees in harassing potential predators (CULLY & LIGON, 1976; HENNESSY et at., 1981; SHIELDS, 1984; CURIO & REGELMANN, 1985; CURIO et at., 1985) . In certain bird species males are more likely to actively harass potential predators (by maintaining close proximity to the predator, calling at a high rate, spending more time in predator-directed activity, etc.), while females are more likely to observe the encounter at a distance (SHIELDS, 1984; CURIO & REGELMANN, 1985; CURIO et at., 1985; REGELMANN & CURIO, 1986 ; the same may be true for primates, see e.g., DEVORE & HALL, 1965; ALTMANN & ALTMANN, 1970 ).
Age differences have also been documented, with adult animals being far more likely to actively engage in harassing (e.g., SMITH et at., 1984) . Additionally, many studies have also shown that mobbing "intensity" and the likelihood of harassing are greater for individuals with young and increase with the age of those young (ROBERTSON& BIERMANN,1979; PATTERSON et at., 1980; BIERMANN& ROBERTSON,1981; SHEDD, 1982; CURIO et at., 1985; CULLY&LIGON, 1986) . So in addition to age and sex, understanding the dynamics of harassing seems to require a consideration, of parental status and the temporal occurrence of the encounter.
The dynamics of predator harassment have yet to be described in detail for any mammalian species. Several species of ground squirrels, including black-tailed prairie dogs, have been observed to harass snakes (Owings & Coss, 1977; OWINGS&OWINGS, 1979; HENNESSY et at., 1981; HALPIN, 1983; OWINGS & LOUGHRY, 1985) , but as yet little is known about the relative contribution of different individuals to this harassment. In this paper, I examine the influence of age, sex, parental status, and time (before and after pup emergence) on how black-tailed prairie dogs (Cynomys tudovicianus) deal with snakes.
Black-tailed prairie dogs live in social groups called coteries (KING, 1955; which typically contain one adult male, several adult females, yearling males and females, and pups (the young of the year). The adults within a coterie mayor may not be parents. Thus, within a coterie, one could potentially observe age (pup vs adult), sex, and parental differences in how prairie dogs deal with snakes. The emergence of pups from their natal burrows might be expected to influence the dynamics of snake harassment by prairie dogs as well. When pups emerge, adult prairie dogs are confronted with a new class of pot ential participants in snake encounters and may alter their behavior accordingly (OWINGS& HENNESSY,1984; OWINGSet at., 1986) . Parents should be most sensitive to the presence of pups, so that a comparison of parental behavior before and after pup emergence should show greater changes than a similar comparison for non-parents.
To discover the effects of age, sex, parenthood, and pup emergence on snake harassment by prairie dogs, I observed both natural and experimentally-evoked encounters between prairie dogs and snakes. Both kinds of encounters occurred before and after the pups' emergence from natal burrows. In this paper I document substantial age and sex differences in how prairie dogs deal with snakes. Males were the principal harassers of snakes and fathers dealt more with snakes than did nonfathers. Females were more conservative than males in dealing with snakes and there was little difference in the behavior of mothers and nonmothers. Pups rarely interacted with snakes and did not approach ongoing encounters.
Pup emergence did not alter the basic differences between males and females and parents and non-parents, but did affect how each group dealt with snakes.
Methods

Study site.
Observations
were made of the feral blacktailed prairie dog colony located on the Muleshoe National Wildlife Refuge, Muleshoe, Texas. Prairie dogs are large diurnal rodents whose social organization and behavior have been described in detail by 1985; . The Muleshoe prairie dog colony is a large one, located on approximately 270 ha of the refuge and broken into four wards (KING, 1955) .
I chose one ward of the colony for my observations and experiments. Only a portion of this ward was used in this study, comprising an area of about 100 x 100 m. All the prairie dogs within this area were captured in Tomahawk double-door live traps, using oats as bait. Each animal was weighed, sexed, permanently marked with a uniquely numbered National fingerling fish tag in each ear, and distinctively dye-marked using a mixture of Nyanzol D black dye and peroxide. Twenty adult and yearling males and 29 adult and yearling females from 14 coteries were thus captured and marked. For analysis, data from yearlings and adults were lumped since I observed little if any difference in the behavior of these two age classes. Pups were captured as they first appeared above ground and were marked in the same fashion (n = 39) before mixing of litters occurred. Pup mortality was high, and more pups were present in the study site than were marked. These unmarked pups disappeared before they could be captured, in most cases for unknown reasons.
Observational methods.
Observations at the site by myself and a field assistant lasted from 22 january to 28 June, 1984 for a total of 604 hours of observation. All data were obtained using a Sony AV 3400 portable video recorder and a Sony AVe 3450 camera with a 100 mm telephotõ lens and 2 x coupling ring, and a Uher 4400 stereo recorder which ran continuously throughout the day (weather permitting) at a speed of 4.7 ems. All observations were made from a 2 m high blind located in approximately the center of the study area.
Predators.
Predators were common in the study site and included raptors (Swainson's hawks Buteo swainsoni, red-tailed hawks B. Jamaicensis, and ferruginous hawks B. regalis), mammals (badgers Taxidea taxus, coyotes Canis latrans, and longtailed weasels Mustela frenata), and snakes (venomous prairie rattlesnakes Crotalus viridis viridis and non-venomous bullsnakes Pituophis melanoleucussayi and coachwhips Masticophusflagellum). Rattlesnakes were fairly common on the refuge (up to 6 seen in day, A. JONES, pers. comm.) and were typically found during the day resting in the mouth of a prairie dog burrow (see also DUVALet al., 1985) . We attempted to capture and mark snakes observed in the study area. Snakes were weighed and measured from tip of snout to end of tail and then marked with Nyanzol D black dye in a unique pattern on the scales. We caught and marked 5 prairie rattlesnakes (X weight = 452 g, X length~88.9 cm) and 2 coachwhips (X weight = 537.5 g, X length = 165 cm). I also observed 2 bullsnakes on the study site, one of over 1 m in length and the other approximately .5 m long, but was unable to capture either one.
Snake experiments.
Although only prairie rattlesnakes were found on the refuge, I was forced to use Western diamondback rattlesnakes (Crotalus atrox) for experiments because appropriately sized prairie rattlesnakes were unavailable. Observations of natural encounters between prairie dogs and snakes indicate that prairie dogs treated the experimental snakes similarly to those encountered naturally. I used four snakes in the experiments, a large (121 cm, 725 g or 104 cm, 675 g-4/8 encounters each) rattlesnake, a large (148 cm, 850 g) bullsnake, a small (85 cm, 300 g) rattlesnake, and a small (107 cm, 350 g-718 encounters, or 129 cm, 475 g-1/8 encounters) bullsnake. Although large and small snakes did not differ dramatically in length, large snakes were nearly twice as heavy as small snakes. Each snake had a monofilament loop surgically inserted through its side wall musculature so that the snake could then be tethered at selected sites within the study area (see HENNESSY et al., 1981 for a further description of the tethering procedure). Because I was concerned with how prairie dogs treated snakes in general, I pooled the results obtained with each snake type. In a subsequent paper I will determine if prairie dogs treated each snake type differently.
I chose four sites in which each snake was presented once before the pups' first emergence and once after the pups had emerged. Two sites were located in coteries containing an adult male and 2 or 3 adult females, some of whom had young; one site was in a coterie containing one male and 3 females, none of whom weaned young; and one site contained only a single yearling male. I assumed that, in coteries containing pups, the resident adult male of the coterie was the father of those pups. This seems a safe assumption since paternity exclusion analyses indicate that resident adult males typically sire all the young within their coterie . "Pre-pup" snake experiments were conducted from 15-27 April and pups were not observed above ground in any of these coteries until 30 April. Snake presentations after the pups emerged were performed from 4-20 June, when the pups had been above ground about a month. One coterie was not retested during the post-pup experiments. This coterie had been comprised of one adult male and two females. One female failed to breed and apparently emigrated. The other female abandoned the coterie after a weasel killed her entire litter so that only the adult male remained. I thus chose another coterie which still had surviving pups and used this coterie in the post-pup experiments.
Experimental procedure.
The order of presentation of snakes was chosen randomly for each site and no site was tested more than once per day (pre-pup experiments had 2-5 days between presentations at a site and post-pup experiments had 3-5 days). Each site was in a different coterie and sites were separated by a mean distance of 65.5 m, with aLminimum distance between any two sites of 35 m. Tether sites were located within 3-5 m of the home burrow of at least one member of the coterie. In coteries containing pups, tether sites were within 3-5 m of a burrow containing pups. In no case did animals from one site participate in encounters at another site.
Experimental encounters began by placing the appropriate snake on its tether. To facilitate prairie dogs finding the snake (and to minimize the danger of injury to the snake from overheating, etc.), a small amount of oats was scattered in the vicinity of the snake. The behavior of prairie dogs near the snakes can not be explained as an attempt to get at the oats since some animals ignored the oats entirely and, further, the supply of oats was too small to maintain praIrie dogs in proximity to the snake throughout an encounter.
The ensuing interaction between prairie dogs and the snake was recorded on audio and video tape. Taping began when one prairie dog discovered the snake and continued until we had videotaped for approximately 15 min (taping time was less in a few trials where it was necessary to intervene to prevent injury to the snake). Members of the coterie who were out of camera view during the encounter also had their behavior and location narrated onto both the audio and video tapes. The results in this paper thus include data on animals off camera as well.
Other encounters.
Prairie dogs encountered snakes naturally and these episodes were recorded also (n = 21). Recording began either after a prairie dog alerted us to the presence of a snake by repeatedly jump-yipping (which is almost exclusively seen during snake encounters), or by approaching a burrow we knew contained a snake. Taping continued until no prairie dog was dealing actively with the snake or until we ran out of tape. Videotapes of natural encounters were thus not complete records of an entire encounter, though they did contain the majority of the episode. After completion of filming, I got out of the blind and confirmed the presence of a snake. Most natural encounters occurred after pup emergence (18/21) and involved rattlesnakes (18/21). At least 8 different snakes contributed to this sample. These encounters ranged in duration from 1-30 min.
There were distinct differences in the behavior of prairie dogs in natural versus experimental encounters with snakes, but these differences seemed to be dependent on the location of the encounter and not on the snakes per se. In the following analyses I pool the data from all encounters between prairie dogs and snakes. This is justifiable since I am concerned with how particular classes of individuals deal with snakes in general and there is no evidence that a particular class only experienced one type of encounter (Table  3) . Furthermore, separate analyses of natural and experimental encounters for the comparisons reported below yielded the same results with one exception (in natural encounters, there was no significant difference in the behavior of fathers and non-fathers, although the trends were in the same direction).
Data analysis.
Data from the video tapes and the accompanying narration were obtained at 10 s intervals for the duration of the encounter. Table 1 lists those variables measured at each interval. Data on calling (jump-yipping and barking, see Table 1 ) was obtained as it occurred throughout the encounter. All of this information was obtained for each individual of the coterie who was above ground during the encounter. Variables using percentages were transformed using an arcsin transformation prior to analysis. These 10 s values were then used to calculate an average value for each individual for each variable for that encounter. These mean values are used in all subsequent analysis.
Individuals differed in the number of encounters in which they were involved (range of encounters per individuals was 1-16). As a result, I also performed the analyses reported here with each individual represented only once. This was done by obtaining a mean of the means for each variable for individuals with more than one encounter with snakes. The results of these analyses confirmed my initial findings. In all comparisons, the direction and magnitude of differences between groups remained similar although, because of much smaller sample sizes, one of the comparisons was not significant (fathers vs non-fathers). Given this similarity in results, I report here only my initial findings in which each encounter per individual is treated as the statistical unit.
Since a number of the variables measured were probably correlated with one another, a factor analysis with varimax rotation was run on the data (see e.g., LEGER et at., 1984;  number of times during an encounter a snake struck at a prairie dog number of times during an encounter a prairie dog struck a snake with its forepaws (swats) or bit the snake (attacks) number of bouts of barking by a prairie dog in an encounter (see Smith et at., 1977; OWINGS & LOUGHRY, 1985 for a description of barks) number of barks in all bouts of barking by a prairie dog per minute of the encounter distance in adult prairie dog body lengths of a prairie dog from the nearest part of the snake proportion of samples in which a prairie dog was positively oriented towards the snake the portion of the snake (head~3, midbody~2, tail = 1) a praIrIe dog was closest to the proportion of samples per encounter in which a prarie dog was actively dealing with a snake (see OWINGS&OWINGS, 1979 for a description of snake-directed behavior) the proportion of samples per encounter in which a prairie dog was within 2 m of the snake number of jump-yip bouts by a prairie dog per minute of the encounter (see SMITH et at., 1976; OWINGS& LOUGHRY,1985 for a description of jump-yipping) the quality of the' 'jump" associated with jump-yipping in 3 categories: 3-a jump of less than 45°from the horizontal, 4-a jump from a bipedal posture, and 5-a complete 90°jump number of repetitions of jump-yips within one bout of jump-yipping distance in adult body lengths a prairie dog was from a snake when it jump-yipped proportion of samples per encounter in which a prairie dog was feeding proportion of samples per encounter a prairie dog was above ground while a snake was present in the coterie.
ALLEN& ASPEY, 1986 for the rationale behind using this procedure). Also, because different classes of individuals might have different classes of variables that were important, a separate factor analysis was run for adults, adult males and adult females ( Table 2) . The results of this analysis are shown in Table 2 . Only the variable that loaded most heavily on each factor was used in subsequent multivariate analyses. Variables related to calling (bark bouts, JY Qual, JY Dist, cycles) were omitted from subsequent analyses even if they were the variables loading most heavily on a given factor. This was done because not all individuals called and thus lacked data for these variables. The variable 
JY Qual
Each variable is shown only for the factor on which it loaded most heavily. Variables are ordered by the magnitude of their correlation with the factors from highest to lowest. Variables used in multivariate analyses are indicated by '. Swats and strikes were omitted from the adult female analysis since females elicited no strikes from snakes and only one female swatted a snake (in one encounter). loading second highest on the particular factor in question was used when this occurred (see Table 2 ).
Using the variables identified by factor analysis, discriminant analysis (Spss Inc, 1983) was used to determine the variables most responsible for the differences between groups (e.g., pups and adults, males and females). This procedure also calculates a MANOV A using the factor analysis variables. Univariate ANOV As were run with respect to each variable in Table 1 and are presented in order to provide a more complete description of prairie dog-snake encounters.
Results
General
description.
Several authors have described encounters between black-tailed prairie dogs and both venomous and/or non-venomous snakes (KING, 1955; OWINGS & OWINGS, 1979; HALPIN, 1983; OWINGS & LOUGHRY, 1985 prairie dogs actually swatted at a snake with their forepaws and, in some cases, attacked a snake by repeatedly biting it.
Snakes were observed on the refuge as early as 9 February but we did not commonly see snakes, nor did we see a natural encounter between prairie dogs and a snake, until late April just as the pups were about to emerge from their natal burrows. Coupled with the experimental presentations of snakes at four sites within the study area, a total sample of 53 videotaped encounters between prairie dogs and snakes were available for analysis.
Age and sex differences.
Pups us adults.
Data were obtained for 15 pups and 16 adults in 34 encounters with snakes. Only adult encounters with snakes that occurred after the pups were above ground are included in this analysis. The range of encounters 
LR large rattlesnake, LB large bullsnake, SR = small rattlesnake, SB small bullsnake, and BR = baby rattlesnake.
per individual was 1-7 for pups and 1-11 for adults. Table 4 lists the results of one-way ANOV As run for each variable in Table 1 . These results demonstrate that, on average, adults dealt far more directly with snakes. Adults spent more time within 2 m of snakes and were twice as close to snakes than were pups. Adults spent more time engaged in snake-directed activity and less time feeding, and were above ground for a greater proportion of snake encounters than were pups. Additionally, adults were more often positively oriented towards snakes and closest to the snakes' head than were pups, and adults jump-yipped far more often than pups did.
Multivariate analyses of the data confirm these substantial differences between pups and adults. A MANOV A using the 4 "factor" variables listed in Table 2 (all individuals) shows a highly significant difference between pups and adults (F = 10.43, P < 0.001, df = 4,115). Discriminant analysis reveals that the proportion of time spent snake-directed is the behavioral measure most responsible for distinguishing between pups and adults (see correlation with discriminant function, Table 4 ). This discriminant function is relatively powerful at discriminating age groups since it accounts for 26.71 % of the total variation between the two groups. (In a two-group comparison, the discriminant function generated accounts for 100 % of the total variation between the two groups. Of this total variation, 26.71 % was attributable to age differences in snake-directed behavior by prairie dogs).
Males vs females.
Data from 7 adult males and 11 adult females in 52 encounters with snakes were examined using the same procedures outlined above. The range of encounters per individual was 1-16 for males and 1-10 for females. Table 5 lists the results of one-way ANOV As run with respect to all the usual variables. Table 5 shows clearly that there are marked sex differences in how prairie dogs deal with snakes, and that males deal with snakes more directly than do females. Females are on average 4 times as far from snakes, spend less time within 2 m of snakes and snake-directed, but more time feeding than do males. Males call more both by barking and jump-yipping than do females, males also are more often closest to the snakes' head and elicit more strikes from snakes than do females (males also tend to swat and/or attack snakes more than do females). Finally, males were above ground for a greater proportion of encounters with snakes than were females.
In all cases df~1,118. The variables used in multivariate analyses are indicated by' and the correlation of each of these variables with the discriminant function is also provided. Because of the small number of pup jump-yips, no analysis was run for JY Qual, JY Dist, and cycles.
Those variables used in multivariate analyses are indicated by , and the correlation of each of these variables with the discriminant function is also indicated. Df~1,95 except where indicated. ** N~20 and 44 respectively, df = 1,62. Multivariate analyses confirm this dramatic sex difference in prairie dog snake-directed activity. A MANGY A using the 5 factor variables in Table 2 (adults) is highly significant (F = 10.57, P < 0.001, df = 5,91).
Discriminant
analysis reveals that the proportion of time spent within 2 m of the snake is most important in distinguishing between males and females (Table 5 ). This variable is highly correlated with %S.D., which was most responsible for distinguishing between pups and adults (all individuals, Table 2 ). It is thus possible that the dimension underlying the differences between pups and adults is similar to that for males and females. The discriminant function for distinguishing males and females is relatively powerful, accounting for 36.74% of the total variation between groups.
This section has documented both age and sex differences in how prairie dogs deal with snakes. Adults dealt more directly with snakes than did pups, and this difference was largely due to the behavior of adult males who dealt with snakes much more than did females. Indeed, in looking at the values in Tables 5 and 6 , it is clear that pups and adult females are more similar to one another than either is to adult males. A comparison of the behavior of pups and adult females reveals that females do behave differently than do pups (MANGY A using the all individuals factor variables in Table 2, F=3.19, p<0.02, df=4,81) , but this difference is much less than that between pups and adult males (F = 21.78, p < 0.0001, df = 4,77). Females thus appear intermediate between pups and adult males in their behavior towards snakes, but resemble pups more than they do males.
Effects of parenthood and pup emergence.
Parents vs non-parents.
Multivariate analyses failed to yield a significant difference between parents and non-parents (MANGY A F = 2.11, P < 0.07, df = 5,91 using the 5 factor variables in Table 2 for adults). This weak difference between parents and non-parents may have been the result of lumping data from males and females in the same analysis. Given the pronounced differences between males and females just described, any differences due to parenthood could have been obscured by sex differences. Consequently, I looked at differences between parents and non-parents separately for males and females. Males. Four males were fathers and 2 were non-fathers. Non-fathers either failed to breed or lived in a coterie in which no female weaned pups. One additional male lost his offspring to weasel predation (see Methods) and so was at different times both a father and a non-father. This male is included in the analysis as a father while he still had pups and as a non-father subsequently. The data are from 47 encounters between these individuals and snakes and the range of encounters per individual was 1-16 for fathers and 2-10 for non-fathers. Table 6 lists the results of one-way ANOV As run on the data. Fathers differ from non-fathers in that they spend less time feeding and more time snake-directed than do non-fathers. There is also a trend for fathers to jump-yip more and to be more often positively oriented towards the snakes than are non-fathers.
Fathers were also above ground for a greater proportion of snake encounters than were non-fathers. Multivariate analyses confirm these differences (MANOVA F=2.98, p<0.02, df = 5,43 using the 5 factor analysis variables in Table 2 for adult males). Discriminant analysis identifies % feed as the variable most important in distinguishing between fathers and non-fathers (Table  6 ). This discriminant function accounts for 25.75 % of the total variation between groups.
It appears then that fathers and non-fathers were at similar 38 w. J. LOUGHRY Variables used in multivariate analyses are indicated by , and the correlation of each of these variables with the discriminant function is also shown. Except where indicated df= 1,46. "N = 10 and 10 respectively, df= 1,18.
distances from snakes during encounters, but that fathers spent a greater proportion of their time actively dealing with the potential predator. Females. Five mothers and 6 non-mothers were above ground during encounters with snakes. Non-mothers either failed to breed or lost their young prior to interacting with a snake. The data are from 33 encounters and the range of encounters per individual was 1-10 for mothers and 1-9 for non-mothers. Table 7 shows no significant differences between mothers and non-mothers for any of the measured variables except orientation. Mothers were less often oriented positively towards snakes than were non-mothers.
Multivariate analyses also show no significant difference between mothers and non-mothers (MANOV A F = 1.90, P < 0.13, df = 4,43 using the 4 factor variables in Table 2 
Before vs after pup emergence.
The influence of pup emergence on the snake-directed behavior of adult prairie dogs was predicted to be most noticeable among parents. Given the marked sex differences in behavior towards snakes and the influence of parenthood (at least for males) on snake-directed activity, an appropriate means of identifying the influence of pup emergence would be to run a 3-way ANOV A for each variable in Table 1 , using sex, parenthood and pup emergence as the three factors. A significant 3-way interaction for a given variable would indicate an influence of pup emergence on that variable. The results of such an analysis are depicted in Fig. 1 . Only barks/min, bark bouts, and orientation showed significant 3-way interactions (since bark bouts and 'barks/min are highly correlated with one another, only barks/min is discussed here). Barks/min was highest before the pups emerged and fathers did most of this barking (Fig. lA, eta2 = 0.13). Non-mothers were most often positively oriented towards snakes, followed by fathers, non-fathers, then mothers. The pr'o-portion of time spent positively oriented declines after pup emergence for all individuals except mothers, who show a slight increase (Fig. 1B , eta2 = 0.04). These results are not readily interpretable. Barking presumably reflects greater caller vulnerability (OWINGS& LOUGHRY,1985 ) and yet other aspects of male behavior (and especi~ny that of fathers) seem incongruous with this apparent assessment of high vulnerability by males. Nor is it clear why males perceived themselves to be more vulnerable prior to pup emergence. Pups, however, are probably more vulnerable at this time. If barking during snake encounters serves a warning function, then it may be that fathers were warning mothers, and thus protecting their pups. Consistent with this interpretation is the observation, that barking was evoked mostly by experimental snakes, which were located near natal burrows (see Methods). It is also relevant to note that barking almost always occurred at the beginning of a presentation, just as the prairie dog discovered the snake. At this time a prairie dog might consider itself more vulnerable, until it had had time to assess the potential predator. Prairie dogs might have perceived themselves as more vulnerable prior to pup emergence since the snakes encountered at that time were among the first the prairie dogs had encountered that year. As the prairie dogs became used to confronting snakes again their perceived vulnerability may have decreased. The decrease in positive orientation towards snakes coincident with the emergence of pups is suggestive of adult prairie dogs becoming sensitive to pups as potential participants in snake encounters. However, the pattern of differences in orientation among classes of adults does not easily lead to explanation. OWINGS&LOUGHRY(1985) argued that the jump-yipping of prairie dogs dealing with snakes was best understood in terms of the caller's agespecific relationship of vulnerability to the potential snake predator. They described aspects of both sides of this relationship (e.g., size and venomousness of snake, age of prairie dog) and their influences on this relationship. In this paper I have further described the prairie dog side of the prairie dog-snake relationship. I have documented age, sex, and parental differences in how prairie dogs deal with snakes. Furthermore, the emergence of pups is a temporal aspect of this relationship which influences snake-directed behavior within these classes of individuals. In what follows I treat each of these differences separately, and then conclude with a general discussion.
Discussion
Age differences.
Pups in this study rarely interacted with snakes and did not evince the age-specific skills in dealing with snakes noted by OWINGS& LOUGHRY (1985) . This difference is probably due to the age of the pups in each study. The pups studied by OWINGS& LOUGHRYhad been above ground 2.5-3 months, and were considerably larger than the pups in this study who had only been above ground roughly 1 month. This should not be taken to mean that pups in this study were incompetent in dealing with snakes. Pups that discovered a snake exhibited seemingly competent snake-directed behavior. However, upon recruiting adults in to confront a snake, the pups moved off and began to feed, seemingly oblivious to the snake. As pups get older, their ability to recruit adults may diminish and they may begin to rely more on the abilities described by OWING & LOUGHRY(1985; see also CALEF, 1981; CADGIL, 1982) .
Sexdifferences.
This is the first report for ground squirrels of a male bias in antipredator behavior (d. DUNFORD, 1977; SHERMAN,1977 SHERMAN, , 1985 SCHWAGMEYER, 1980; DAVIS, 1984) . BARASH(1976) reports a similar finding for alarm calling by alpine marmots (Marmota marmota), but it is not clear from his data whether all this calling was predator-evoked. A male bias in prairie dog anti-snake behavior was not expected, given female participation in other forms of antipredator behavior (by calling, HOOGLAND,1983) . Male prairie dogs might be expected to invest more in snake-directed behavior given their shorter life-span and greater variance in reproductive success (HOOGLAND &FOLTZ,1982) . Males have more at stake during each breeding season and consequently, may invest more in protecting their investment (both in young and mates, see e.g., CURIO et at., 1985; REGELMANN& CURIO, 1986) . These sex differences in snake-directed behavior may not be explainable in terms of age-specific vulnerability as was done for pups and adults, but may be interpretable as reflecting the reproductive vulnerability of males and females. Reproductive vulnerability will probably be most influenced by the number and reproductive value of current pups, typically greater for males. As reproductive vulnerability increases, the willingness of an animal to engage in direct confrontation of a potential predator should also increase.
Parental differences.
Consistent with this notion of reproductive vulnerability is the finding that fathers were more involved in snake-directed activity than were nonfathers. This result was as expected since parents were presumed to have something worth defending, whereas non-parents did not. It is surprising that mothers and non-mothers did not differ in how they dealt with snakes. One might not expect any differences between mothers and nonmothers if non-mothers had yearling offspring present in the coterie. However, such an argument should hold for males as well and males still showed a pronounced effect of parenthood. If the argument regarding sex differences in snake-directed behavior is accurate, then females may be freed from directly confronting snakes by male participation. Females might then be able to do other things during a snake encounter, such as mothers monitoring the pups, but my data are unable to answer this question.
Pup emergence.
The emergence of pups did not alter these basic differences between parents and non-parents and males and females. However, certain aspects of the behavior of each of these classes of individuals did change. The significance of these changes has already been discussed (see Results). I will only add here that the behavioral changvs found coincident with pup emergence are not explainable in terms of protecting young (except possibly orientation, see Results). Habituation might be invoked to explain the decrease in barking after pup emergence, but why only fathers exhibit this effect is unclear. Indeed, barking by non-fathers actually increased after pup emergence, indicating that habituation does not fully explain the changes in barking behavior.
General discussion HENNESSY et al. (1981) describe California ground squirrels dealing with snakes as being snake-directed or snake-indirected. Snake-directed individuals are engaged in those activities typically labelled harassing, while snake-indirected individuals monitor an encounter without actively participating in it (see also SHIELDS,1984; CURIOet al., 1985) . The results reported here suggest that black-tailed prairie dog pups and adult females commonly are snake-indirected, and that adult males are primarily the individuals who are snake-directed.
Understanding the functional significance of snake harassment by prairie dogs will require taking into account this differential participation by age/sex classes. It should be pointed out that, throughout this paper, I have discussed snake harassment by prairie dogs as if this were a unitary category of activity. The distinctions made by HENNESSYet at. (1981) are a step towards acknowledging the variability in predator-directedness that animals may exhibit. Other authors have also recognized the complexity of predator harassment (SHEDD, 1982; REGELMANN& CURIO, 1983; SHIELDS,1984; KNIGHT&TEMPLE, 1986a, b) . It seems apparent that an animal may be predator-directed without harassing and thus, that harassing is only one component of the predator-directed activity animals may display. Adult females in this study, in many cases, organized their behav;,ior with respect to the potential snake predator, but they rarely engaged in harassing. HENNESSY (1982;  in press) has argued that harassing is generated by a particular relationship between an animal and a potential predator. This relationship will vary as a function of the identity of the potential predator, the identity of the potential prey, and the context of the encounter.
In this study I have spoken of prairie dogs as participating "more" or "less" in snake harassing. Prairie dogs, e.g., males, that spent a great deal of time close to snakes and in snake-directed activity were said to have participated more in dealing with snakes. This seems inappropriate since other individuals may have organized their behavior with respect to snakes to the same extent, but done so more conservatively (e.g., females). Prairie dogs may not participate "more" or "less" in dealing with snakes, but may participate in qualitatively different ways according to considerations of age-specific and reproductive vulnerability. In sum, harassing can be viewed as one of many means animals have of coping with a potential predator. The particular activity observed and the form of that activity will be influenced by the relationship between potential predator and prey (i.e., vulnerability). Taken together, my results suggest that further understanding of the dynamics of predator-directed behavior in prairie dogs and other species will require continued description of both sides of the relationship between potential predator and potential prey.
Summary
Differential participation by particular classes of individuals is likely to influence how we assess the functional significance of harassing. I examined encounters between blacktailed prairie dogs (Cynomys ludovicianus) and snakes in both natural and experimentallyinduced encounters and found substantial differences in how various age/sex classes of prairie dogs deal with snakes. Specifically, males spent more time close to snakes and in actively confronting these potential predators than did either females or pups. Fathers were not closer to snakes than were non-fathers, but fathers spent more time actively engaged in dealing with the snakes. Mothers and non-mothers did not differ markedly in how they dealt with snakes. Encounters with snakes occurred before and after the pups' first emergence from their natal burrows, but pup emergence did not alter the basic differences between males and females and fathers and non-fathers. Pup emergence did coincide with changes in the behavior of these classes, fathers barked less after pup emergence, and all classes with the exception of mothers were less positively oriented to snakes after pup emergence. However, the significance of these changes was not apparent.
These resu1ts require that the functional significance of snake harassment by prairie dogs take into account this male bias in snake-directed behavior. Males are hypothesized to be less vulnerable to snakes than are pups and to have more at stake reproductively than do females. Fathers have more at stake reproductively than do non-fathers (although non-fathers may still be protecting mates) and thus should spend more time confronting and harassing snakes. This interpretation is founded on an understanding of the relationship between potential predator and potential prey and I conclude with a discussion of the appropriate description of this relationship. 
